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Objectives: In about 1 0% of glioblastoma patients, preoperative MRI discloses the presence of tumor cysts. 
Whereas the impact of cystic appearance on prognosis has been discussed extensively, only little is known 
about the tumor cyst fluid. In this study, we tested the feasibility of the surface enhanced laser desorption 
ionization time of flight (SELDI-TOF) technique to detect cyst fluid proteins. 

Methods: Cyst fluid was collected from 21 glioblastoma patients for SELDI-TOF analysis and compared to 
control cerebrospinal fluids from 15 patients with spinal stenosis. Resulting protein peaks with significant 
differences between groups were further described, using the molecular weight in an internet search of 
protein databases and publications. Two potential cyst fluid proteins, basigin and ferritin light chain, were 
selected for immunohistological detection in the histologic slides of the patients, metallothionein (MT) 
served as negative control. 

Results: As supposed from the results of the SELDI-TOF analysis, basigin and ferritin were detected 
immunohistochemically in the cyst wall, whereas MT was more equally distributed between the cyst wall 
and the surrounding tumor tissue. Median survival time of the patients was 20 months (range 2 to 102 
months) and correlated with age, but not with expression of the three proteins. 

Discussion: The SELDI-TOF approach reveals a number of proteins, potentially present in glioblastoma cyst 
fluid. Identification of these proteins in tumor cells may help understand the pathogenetic pathways and the 
prognostic value of cystic changes. 
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Introduction 

In patients with histological diagnosis of glioma WHO 
IV°, the appearance of tumor cysts on preoperative 
MRI is not rare. According to the literature, cystic 
tumors are encountered in 7% to 1 3% of glioblastoma 
cases. Cystic features have also been observed in a 
number of entities, such as meningioma, hemangio- 
blastoma, or metastatic tumors.^ While cystic low- 
grade gliomas have been associated with increased 
postoperative survival compared to non-cystic low- 
grade gliomas, this is a matter of debate for cystic 
glioblastoma compared to non-cystic ghoblastoma.^'^ 
Histologic evaluation of the cyst wall helps to 
distinguish between 'real' cysts with an endothelial 
coating and 'pseudocysts' with palisading cellular 
structures around the cavity."^ The cavity itself cannot 
be assessed histologically, because of loss of the cyst 
content during fixation and preparation. Cyst fluid 
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remains difficult to obtain and to examine, because 
most samples are small and the protein concentration 
is not sufficient for standard examinations such as 
western blot. 

This is why, only little information about the cyst 
fluid is available and the hypotheses for cyst formation 
include necrobiotic degradation of tumor tissue, active 
secretion of prohferative factors by the tumor cells, 
or mere trapping of cerebrospinal fluid (CSF).^"^ 
Depending on the way of cyst formation, the content 
of the cyst fluid is supposed to include apoptotic 
pathway proteins, e.g. TNF, Fas, or caspases, high 
concentrations of specific secreted proteins such as 
VEGF or TGF-beta, or a protein content very similar 
to that of CSF. 

It has been shown that in the case of active secretion 
of proteins into the cystic cavity, the identification of the 
cyst content can improve knowledge on pathophysio- 
logic pathways of the surrounding glioblastoma cells, 
which results in valuable hints for treatment strategies.^ 
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In this study, in order to examine the protein 
content in detail, we introduce the surface enhanced 
laser desorption ionization time of flight (SELDI- 
TOF) analysis of glioblastoma cyst fluid. The 
technique needs only small amounts of sample, 
allows for protein-screening, and delivers protein 
weights with a high exactitude.^ The results are 
compared to the SELDI-TOF analysis of CSF 
specimens from tumor-free patients. 

The SELDI-TOF mass spectroscopy is a discovery 
oriented approach that delivers a huge number of 
detectable protein sizes. When studying a single 
spectroscopic size, there are several proteins that could 
have been at the origin of the peak. In order to 
determine which of the corresponding proteins are 
present in the cyst fluid, immunohistological staining 
of the surrounding cyst wall has to be performed. Two 
potential candidates, basigin and ferritin, and one 
negative control, metallothionein (MT), were exam- 
ined histologically in this study.^"^^ 

Methods 

Surface enhanced laser desorption ionization 
time of flight 
Sample collection 

Upon planning the neurosurgical resection or biopsy, 
informed consent from patients with cystic brain 
tumors was obtained to withdraw and store tumor 
cyst fluid for research purposes. During the interven- 
tion the cyst was punctured under ultrasonographic 
control or stereotactically, and the fluid was stored at 
4°C for a few hours before being centrifuged. The 
supernatant was frozen at -20°C until use. 

Altogether, cyst fluids from 18 gUoblastoma 
patients and 7 recurrent ghoblastoma were analyzed 
using SELDI-TOF. From these, 16 glioblastoma 
specimens and 5 recurrent glioblastoma were avail- 
able for histologic immunostaining. Among these 21 
cases 1 1 were male and 10 were female patients, mean 
age was 53.9 years (range 21 to 77) at the time of first 
operation. 

As a control, 15 patients undergoing myelography 
because of spinal stenosis gave their informed consent 
for CSF withdrawal. The specimens were prepared as 
above. 

Processing 

Directly before use, the specimens were thawed and 
diluted 1:10 in buffer solution. Two microliters of the 
solution were pipetted on the chromatographic matrix 
slot and given time to be absorbed. The SELDI-TOF 
mass spectroscopy (ProteinChip technology) uses the 
affinity chromatographic surfaces to bind proteins 
specifically.^ Desorption in an electric field using a 
laser beam enables a mass spectrometric analysis that 
results in a protein spectrum with calculation of 
molecular weights with an accuracy of 0.3% (Fig. 1). 



Statistical wor[<-up 

After determination of the different protein peaks in 
all samples, a computer-based statistical analysis of 
peak intensities was performed. At first, spectra were 
normalized towards each other and checked for data 
quality and plausibility. Then molecular masses and 
intensities of the peaks were compared between non- 
tumor CSFs and different tumor cyst fluids, grouped 
according to the underlying histological diagnosis. 
Protein sizes were listed when present in tumor cyst 
fluid and absent in control CSFs or vice versa 
(Table 1). The probability for a coincidental differ- 
ence was calculated, taking into account the number 
of analyzable specimens per group and the molecular 
weight of each protein.^ Protein sizes were retained 
when a /7-value below 0.05 was found. 

In this way a Hst of protein peaks, classified by their 
molecular weight and stratified by /^-values, was 
obtained (Table 1). To identify which proteins were 
probably apt to have resulted in the spectroscopic 
peaks, an internet based search in the SwissProt 
database using the Tagldent tool was performed. The 
search was restricted concerning the species (Homo 
sapiens) and the isoelectric point (7.45, but allowing for 
a broad variation of +5.0). Finally, the molecular 
weight of the spectroscopic peak was entered, accepting 
potential proteins in the range of +0.3% of the mass, 
according to the accuracy of the SELDI-TOF mea- 
surements. 

The Tagldent tool revealed several potential 
candidate proteins per peak. In order to further 
restrict this hst of potential candidates, a Pubmed 
search was added. If publications concerning the 
protein were found, one point each was attributed for 
the following items: (i) protein is secreted or is a 
membrane protein, (ii) protein has been described in 
(healthy) brain, (iii) protein has been described 
in tumor tissue, and (iv) protein has been described 
in brain tumor tissue. By retaining the proteins which 
reached the most points, the algorithm reduced the 
potential candidate proteins to less than five in most 
peaks (Table 2). With this algorithm we postulated 
the presence of basigin and ferritin in the cyst wall, 
whereas MT did not fulfill the criteria. 

Immunohistology 

In order to verify this approach to glioblastoma 
protein expression, we analyzed the presence of 
candidate proteins basigin and ferritin immunohisto- 
chemically in paraffin embedded slides for the 21 
cystic glioblastoma patients. As control, MT was 
stained. Monoclonal mouse antibodies against metal- 
lothionein MT-1 and MT-2 (ab 12228) and basigin 
(ab49493), as weh as a rabbit-polyclonal antibody 
against ferritin (ab76768) were purchased from 
abeam (Cambridge, UK). 
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Figure 1 SELDI-TOF chromatographic results for four tumor cyst fluids #14 to #17 and one cerebrospinal fluid control #L6. 
The molecular weight of the peaks in daltons is given on the horizontal axis and the height of the peaks can be compared in 
micro-amperes on the vertical axis, as shown here for albumin and double loaded albumin. 



Basigin staining: the primary antibody is a mono- 
clonal mouse antibody recognizing the extrace- 
llular domain of the protein. After 15 minutes of 
heat antigen unmasking in 0.01 mol/1 citric acid 
monohydrate buffer (pH 6.0, Sigma, Germany), 



PBS washing and peroxidase blocking for 7 minutes 
in 3% H2O2 were performed. After washing with 
aqua destillata and PBS, incubation with normal goat 
serum 1:20 followed for 20 minutes. The primary 
antibody (1:50) was incubated for 1 hour at room 



Neurological Research 2013 vol.35 no. 10 995 



Hoelscher et al. SELDI-TOF analysis of glioblastoma cyst fluid 



Table 1 Comparing the presence of proteins in glioblastoma cyst fluid with control CSF, a significant difference was 
found for 51 peaks. Twenty-eight proteins were present in glioblastoma but absent in CSF. Glial fibre acid protein (GFAP) 
(49 880 Da) lies in the 0.3% range of the 49 916 peak and VEGF121 (17 219 Da) in the range of the 17 224 peak. The 
molecular mass of 19 899 Da corresponds to the ferritin light chain. The protein basigin was detected at 40 211 Da in 
recurrent glioblastoma when compared to glioblastoma cyst fluid (data not shown) 
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temperature, followed by washing in PBS and 
visualization with the streptavidin-biotin HRP-duet 
system (DAKO, Denmark), which detects primary 
antibodies from mouse or rabbit. 

Ferritin staining: the primary polyclonal rabbit 
antibody is directed against purified mitochondrial 
ferritin, which is a 24-oligomer of ferritin heavy 
chains and hght chains in varying numbers. Heat 
antigen unmasking for 15 minutes in 0.001 mol/1 



EDTA buffer (pH 8.0, Sigma), PBS washing, perox- 
idase blocking, and normal goat serum blocking were 
performed. The primary antibody (1:500) was incu- 
bated for 1 hour at room temperature, the HRP-duet 
system was used for staining. 

Metallothionein staining: the primary mouse 
monoclonal antibody reacts with MT-1 and MT-2. 
Without heat unmasking, the peroxidase blocking 
and normal goat serum were apphed as above. The 
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(A-C) Basigin (CD1 47) staining of the cyst wall (original magnification 1 0 x , 20 x , and 40 x , respectively). (D-F) Ferritin 
staining. (G-l) MT staining. 

Figure 2 Immunohistologic staining of two different glioblastoma cyst specimens (case 1 : A, D, G and case 2: B, C, E, F, H, I). 
Basigin and ferritin are strongly expressed in the cyst walls, whereas metallothionein (MT) staining is less prominent and more 
equally distributed between the cyst wall and the main tumor tissue. 



primary antibody (1:100) was incubated for 1 hour at 
room temperature, HRP-duet staining followed. 

A counterstain with hemalaun was added (Fig. 2). 
Histologic slides of pulmonary carcinoma, human 
liver, and astrocytoma tissue served as positive 
controls for basigin, ferritin, and MT, respectively. 
The same specimens were stained without application 
of the first antibodies as negative controls. 

All tumors were diagnosed in accordance with the 
WHO classification by a neuropathologist. One 
hundred and sixty-five tumor cysts were examined 
in the paraffin embedded specimens of the 21 
patients, with a mean value of 4.2 cysts per patient. 
The immunostained sections were reviewed by one 
examiner (HM) after developing a standardized 
protocol with a semiquantitative scale from 0 to 
+ + + for staining intensities. After the intensity of 
the cyst wall had been scaled, surrounding tumor 
tissue was examined using 20 fields of view and these 
staining intensities were averaged. The quotient, 
obtained by dividing the value of staining intensity 
in the cyst wall by the averaged value in surrounding 
cells, was calculated for each of the three proteins. In 



this way, predominance of the protein in the cyst wall 
was depicted by a quotient>l. For patients with 
multiple cysts in the paraffin slices, the quotients for 
each cyst were determined and then a mean cyst 
quotient was calculated for the patient. 

To assess a probable impact of protein expression 
or age on survival since first surgery, statistical 
analysis was performed using the unpaired t-test. 
Patients were subgrouped into short-term survivors 
(up to 6 months) and long-term survivors (more than 
30 months), and their results were compared to those 
of the opposite group, as well as to those of the 
cohort (Table 3). 

Results 

The SELDI-TOF analysis of the glioblastoma specimens 
resulted in a list of 51 protein peaks with significant 
difference between glioblastoma cyst fluid and control 
CSF. Among them, 28 proteins were present in 
glioblastoma cyst fluid and 23 in CSF (Table 1). 

In a similar way, cyst fluid from recurrent 
glioblastoma was compared to CSF and to cyst fluid 
from ghoblastoma (data not shown). In this dataset 
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Table 3 Staining quotients in 165 cysts. Mean staining quotients and mean age in patients, grouped according to 
survival time since first operation 



Staining quotient: cyst wall versus tumor tissue in 1 65 cysts 



Basigin Ferritin Metallothionein 



Cysts with quotient > 1 




139 (84%) 


107 (65%) 


77 (47%) 




Mean staining quotient in patient tissues 




Number 


Basigin 


Ferritin 


Metallothionein 


Mean age (years) 


All patients 


21 


1.48 


1.30 


1.09 


53.9 


Surviving 1-6 montlis 


6 


1.39 


1.36 


1.267 


69.3 


Surviving 7-12 montlis 


1 


1.42 


1.20 


0.91 


44.0 


Surviving 13-18 months 


3 


1.47 


1.13 


0.96 


67.0 


Surviving 19-24 months 


5 


1.43 


1.42 


1.14 


44.0 


Surviving 25-30 months 


2 


1.40 


1.68 


1.08 


31.0 


Surviving>30 months 


4 


1.53 


1.27 


1.09 


47.3 



the protein peak at 40 211 Da is supposedly basigin. 
It was the only peak to be significantly more often 
present in recurrent glioblastoma fluid than in 
ghoblastoma cyst fluid (p = 0.025). 

Protein database and literature searches allowed 
identification of proteins potentially present in cyst 
fluid (Table 2). Several peaks could be directly 
attributed to proteins which have already been 
described in ghoblastoma cyst fluid. This is the case 
for GFAP (peak at 49 916 Da, Table 1) and for 
VEGF121 (peak at 17 224 Da, Table 2).^'^^ 

Immunohistologically, when analyzing all 165 
ghoblastoma cysts separately, in 139 (84%) the 
expression of basigin was more prominent in the cyst 
wall than in solid tumor tissue, as seen by a staining 
quotient of 1 or higher (Fig. 2, Table 3). This was 
also the case for ferritin in 107 cysts (65%), whereas 
less than half of the cysts (77, 47%) displayed MT in 
the cyst wall. When comparing the mean cyst staining 
quotients for patients, the values were highest for 
basigin, followed by ferritin and MT (Table 3). 

From a statistical point of view, no correlation was 
found between survival time and the expression 
pattern of the three proteins (Table 3). In contrast 
to this, younger age was confirmed as a positive 
prognostic factor. Patient age differed significantly 
between short-term survivors and long-term survi- 
vors (p = 0.0311), as well as between short-term 
survivors and the rest of the cohort (p = 0.0069). 
Median survival time after first surgery was 20 
months, mean 23.9 months. Survival ranged from 2 
to 102 months, the 95% confidence interval went 
from 13.2 to 26.8 months. Eleven patients (52.4%) 
survived for more than 18 months (mean age 42.8 
years) and 6 patients (28.6%) for more than 24 
months (mean age 41.8 years). 

Discussion 

In the present study, immunohistologic staining 
confirmed the plausibihty of the SELDI-TOF analytic 



algorithm and revealed new details on glioblastoma 
protein expression. Nevertheless, for unequivocal 
identification of the proteins in cyst fluid, protein 
sequencing, fingerprint electrophoresis, or an ELISA- 
based protein pull-down assay of the fluid would be 
necessary. 

The cyst wall staining quotients also support the 
results of the SELDI-TOF analysis. Metallothionein, 
which is known to be present in glioma cells, has a 
molecular weight near the protein peak at 6424 but 
lies outside the 0.3% accuracy margin. This 'negative' 
result from SELDI-TOF analysis is consistent with a 
less prominent immunohistologic staining signal and 
a cyst to tumor ratio around 1 in most patients 
(Table 3). Contrary to this, the signals for basigin 
and ferritin are predominant in the cyst wall. 

The results of the analytic approach are further 
supported by recent publications. CaMKII (8658 Da) 
and haptoglobin (43 349 Da), both predicted by the 
SELDI-TOF analysis (Table 2), have been shown to 
play roles in ghoblastoma pathogenesis. ^^'^"^ 

Regarding hypotheses on glioblastoma cyst forma- 
tion, SELDI-TOF proves that cyst fluid is more than 
merely trapped CSF.^ This is shown by the occur- 
rence of protein peaks with statistically significant 
differences between CSF and cyst fluid. Interestingly, 
there is also an absence of certain protein peaks in the 
glioblastoma cyst fluids when compared to CSF 
(Table 1). This could signify complete synthesis of the 
cyst fluid by the tumor cells, without even partly 
recruiting CSF, in this way accumulating actively 
secreted proteins or necrotic degradation products. 

When assuming a mixture of CSF and secreted 
fluid in the cyst, the missing CSF proteins could be 
tumor suppressors that have been down-regulated 
during malignant glioma progression.^^ For identifi- 
cation of these proteins, comparison of glioblastoma 
cyst fluid with spinal CSF from the same patient will 
be needed. 
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The immunohistologic detection of a strong expres- 
sion of basigin and ferritin in the cyst wall, together 
with a weak staining for MT in the same tissue 
specimen, supports the hypothesis of active synthesis 
and secretion of proteins by tumor cells (Fig. 2). It 
remains unsolved whether the proteins are synthesized 
by cells residing in the cyst wall or whether the proteins 
diffuse into the cells from the cyst lumen by 
pinocytosis or are driven by a pressure gradient. 

Basigin is a 40 201 Da membrane protein with 
isoelectric point at 5.34, which is coded on chromo- 
some 19pl3.3. It constitutes the CD 147 immunoglo- 
bin for the Ok blood group, plays a role in neural 
network formation, and is expressed in vascular 
endothelium of healthy brain. Interestingly, it has 
been found in the cells of glioma and medulloblas- 
toma, but not in the proliferating vessels of malignant 
ghoma.^^'^^ Its properties as extracellular matrix 
metalloproteinase inducer (EMMPRIN) can facil- 
itate metastatic spread of tumor cells and increase 
resistance against chemotherapy.^' Therapeutic 
experiments with antisense RNA and antibodies have 
shown first promising results. ^^'^^ Since the peak was 
detected when comparing cyst fluids from recurrent 
glioblastoma with fluids from glioblastoma, there 
seems to be a connection between basigin and tumor 
cells escaping the treatment. 

The light chain of ferritin is a cytosolic 19 889 Da 
protein with isoelectric point at 5.52 and encoded on 
chromosome 19ql3.33. Together with ferritin heavy 
chains, a 24-oligomer is formed that stores iron and 
makes it available for metabolism. Ferritin has been 
described to play a role in cellular differentiation, and 
experiments with rat ghoma cells have found a 
regulatory effect of insulin on its transcription.^^ 
Ferritin levels can be elevated in CSF and in serum of 
glioblastoma patients, and the protein was detected 
immunohistochemically in glioblastoma tissue. ^^'^^ 

The molecular weights obtained by the SELDI- 
TOF analysis disclose the presence of the ferritin light 
chain in the cyst fluids, a similar peak including the 
ferritin heavy chain (21 226 Da) is absent. This 
suggests an altered subunit composition of the 24- 
ohgomer or an aberrant production of ferritin light 
chains by glioblastoma cells. Employing selective 
monoclonal antibodies against the hght chain or the 
heavy chain for immunohistologic staining, or a 
SELDI-TOF analysis of microdissected ferritin-posi- 
tive tumor cells can help find the answer to this 
question.^ 

Metallothioneins are a group of cytosolic, cysteine- 
rich proteins with molecular weights around 6150 Da 
encoded on chromosome 16ql3, which bind heavy 
metal ions, and have been described in ghoma 
tissue. A regulation of the transcription of the 
related genes can be exerted by heavy metal ions or 



glucocorticoids. Most recently, a correlation between 
expression of MT 1 -E with migration and invasion of 
ghoma cell lines has been observed.^^ In the present 
study, immunohistological staining disclosed the 
presence of MT-1 and -2 in glioblastoma cells, which 
is concordant with reports on increased occurrence of 
MTs in higher astrocytoma grades.^"^ 

The alteration of CSF proteins in tumor patients 
and the presence of growth promoting factors in 
tumor cyst fluids have been described in a number of 
publications.^''^'^^ With the SELDI-TOF analysis it 
becomes possible to describe the exact molecular 
weight of these proteins and to search for their presence 
in tumor tissue by immunohistological staining. 

Conclusion 

The protein content of glioblastoma cyst fluid is 
significantly different from that of non-tumor control 
CSF. The presence of basigin and ferritin in the cyst 
wall supports the hypothesis of synthesis and secretion 
of cyst proteins by malignant cells. The SELDI-TOF 
approach enables further description and identifica- 
tion of these proteins, heading towards definition of 
ghoma biomarkers. 
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